The development and use of an increasing number and variety of naturally, transgenic, induced mutant, and genetically engineered immunodeficient mouse and mouse/human hybrids models have been imperative for understanding the gene-driven cellular and molecular mechanisms and pathophysiological manifestations (phenotypes) of immune disorders that are similar to mice and humans. Much more effort is needed to develop new system models to promote the integration of thousands of genes and their variants that are likely to affect the outcome of microbial infections, immune deficiency and autoimmunity. This article provides an update on characteristics and applications of most commonly used inbred and new hybrid strains of naturally immunodeficiency, knockout and transgenic mouse models, and a short discussion on how innovative technologies and databases presently available can be used for devising new models to better understand the human immune system and diseases that affect it.
INTRODUCTION
Modeling the immune response and rational immune approaches in vivo have relied heavily on basic studies performed in transgenic and immunodeficient mice models [1] . The creation of chimaeras of mouse-human models that successfully engrafted and developed all human myeloid and migrate into host organs and tissues have provided helpful assay system for novel vaccines and therapeutic agents [1] . Additionally, the expression of human genes in these mouse models have optimized their use for investigation of perturbations in populations of T and B cells and cytokine and chemokine protein expression in response to many diseases and infection contexts, in different tissues and at different times [1] . Conventional immunological approaches and DNA and protein high-throughput methods have been applied for correlating genotype to immunological phenotype of a model. In addition, customized immunological phenotyping in mouse models has been established using a high-throughput real-time PCR strategy for quantitative expression of immune genes [2] . Through this method, a unique "gene molecular signature" has been established for rheumatoid arthritis, systemic lupus erythematosus and graft versus host diseases [2] . These initial studies suggest the usefulness of such a method for many other immune-related diseases. More recently, gene ontology (GO) annotation for immunologically related genes in human, mouse and other species has been publicity available and can be easily retrieved via the internet from the GO Consortium [http://www.geneontology.org, http://www.wiki. geneontology.org and http://www.jax.org]. Overall these improvements and approaches will overcome some limitations of using these models to carry out in vivo studies leading to advances of our understanding of the immune system and diseases caused by its dyregulation.
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There is a relatively high number of strains and substrains of natural immunodeficiency models and gene deficient transgenic models available for genetic and immunological studies [http://www.jax.org/pub-cgi/imsrlist, http://imsr.har.mrc.ac.uk/, http://www.apf.edu.au/index.shtml, http://www.brc.riken.jp/lab/animal/en]. The strains have specific deficiencies in MHC class I, II or both; B cell or T cell defects, or defects in both, as well as immunodeficiency due to knockdown of genes for cytokines, cytokine receptors, TLR receptors and a variety of transducers and transcription factors of signaling pathways [3] [4] [5] [6] [7] . The use of these inbred strains has contributed to identifying hundreds of genes responsible for controlling the outcome of microbial infections and to understanding fundamental questions in the molecular control of immune deficiency or autoimmunity.
Immunodeficiency mouse models include the single-gene mutation models such as nude-mice (nu) strains and the severe combined immunodeficiency (scid) strains, non-obese diabetic (NOD) strain, RAG (recombination activating gene) strains with targeted gene deletion and a variety of hybrids originated by crossing doubly and triple mutation mice strains with additional defects in innate and adaptive immunity [1, 7] . For the efficient use of these models, it is describe below some specific immunological and physiological characteristics of the most important strains available. Table 1 offers a brief review of the mutation phenotype and application for each model described.
Nude Strains. The first BALB/c Nude (nu) mouse with the absence of hair and a thymus was described by Flanagan in 1966 [8] . A single-gene mutation produced a hairless state which gives the nickname "nude". In 1966 it was discovered that this mutation also produces an athymic -lack of functional thymus -state in homozygotes. A nude mouse is a genetic mutant that has a deteriorated or removed thymus gland, resulting in a lack of body hair and an inhibited immune system due to a greatly reduced number of T cells. The genetic basis of the nude mouse mutation is a disruption of the Foxn1 gene or the HNF-3/forkhead homolog 11 gene [9] . The immune system of nude mice is characterized by a small population of T cells, an antibody response confined to IgM class, a low T-dependent response to antigens and an increased natural killer cell response. Consequently the rudimentary thymus produces a reduced number of mature T cells, with the result that homozygotes do not reject allografts and often do not reject xenografts as they mount no rejection response. However, the nude mice accumulate a small number of lymphocytes with T-cell antigens such as CD3, CD4, CD8 and Thy-1 which can be identified on the T cell surface with age. The population of mature CD8+ Tcells is cytolytically active and natural killer cells (NK) in nude mice are more potent than those from normal BALB/c mice. Nude mice are commonly employed for studies to test new methods of imaging and pharmacological treatment of human tumor xenografts [1, 7] . NOD Strains. Non-obese diabetic or NOD mice are a specially developed breed of mouse used as an animal model for type 1 diabetes [10] . The NOD mouse strain is also an excellent model of autoimmune disease and an important tool for dissecting tolerance mechanisms. The strength of this mouse strain is that it develops spontaneous autoimmune diabetes, which shares many similarities to autoimmune or type 1 diabetes (T1D) in human subjects, including the presence of pancreas-specific autoantibodies, autoreactive CD4+ and CD8+ T cells, and genetic linkage to disease syntenic to that found in humans [11] . The incidence of spontaneous diabetes in the NOD mouse is 60% to 80% in females and 20% to 30% in males. Diabetes onset typically occurs at 12 to 14 weeks of age in female mice and slightly later in male mice. NOD mice harbor a unique major histocompatibility complex (MHC) haplotype, termed H-2 g7 that is essential and is the highest genetic contributor for Transplantation of murine and human (xenogenic) tumors for imaging, metastasis and new therapies studies. Low levels of engraftment of human PBMC and fetal hematopoietic tissues (HSCs).
[ [12] [13] [14] NOD Lack of expression for the major histocompatibility complex (MHC) haplotype named H-2 g7 and SNP in CTLA-4 gene, which are essential for diabetes-induced autoimmunity.
Studies of various tolerogenic processes and autoantibodies involved in spontaneous autoimmune diabetes.
[10, 11] RAG 1 and RAG2 (rag)
The deletion of Rag1 or Rag2 (recombination activating genes) cause the arrest of rearrangement of B cell receptors (immunoglobulin production) and T cell receptors and absence of T and B cell differentiation. These mice have high levels of NK-cell activity but do not show immunoglobulin leakiness and they are less sensitive to radiation .
Functional analysis of rag genes, molecular and cellular mechanism of lymphoid differentiation and blastocyst complementation assay.
[ 15, 16] NOD-scid These animals are both insulitis-and diabetes free. Because of interaction of multiple genes referred as insulindependent susceptibility genes and Prkdc/scid gene mutation, they show many innate immune defects, including NK cell dysfunction, low cytokine production and T and B cell dyregulation. Only 10% of mice display immunoglobulin leakiness.
Higher levels of engraftment of PBMC and hematopoeitic stem cells (HSCs) compared with the scid deficiency models. [14, [17] [18] [19] IL2rgnull
Deletion of the IL-2 receptor -chain impairs multiple cytokine signaling and leads to complete block of T and B cell development.
Transplantation of human fetal thymus, cord blood and liver tissue for reconstitution of immune cell populations.
[20]
B2mnull
Deletion of Beta-2 microglobulin gene causes deficiency in major histocompatibility complex (MHC) class I antigen expression and function. Mice are deficient in CD8+ T cells.
Iron homeostasis, acute virus infection and inflammation.
[23]
NOD-scid IL2r null
Deletion of multiple genes causes severe impairment in Tand B-cell development and absence of NK cells.
Increased levels of growth, development and differentiation of human pluripotent HSC and human tissue engrafted by intravenous, intrahepatic, intraperitoneal and intra-bone marrow injection. [1, 21, 22, 30] NOD-scidB2mnull
Deletion of multiple genes causes severe impairment in Tand B-cell development and absence of NK cells. Similar to NOD-scid IL2r null. [1, 25, 26, 30] HLA transgenic mice Deletion of H2-Ab1 gene block the expression of MHC class molecules A and E.
Engraftment of human autoreactive T-cell clones and identification of autoantigen. [27, 28] disease susceptibility. A polymorphism in the TNF-and CTLA-4 gene also contributes to autoimmunity in NOD mice [11] .
Scid Strains. The identification C.B-17 mouse strain mice with spontaneous agammaglobulinemia was followed by the discovery of mutation in Prkdc scid , a protein kinase DNA activated, or Scid mutation. This was the first severe combined immunodeficiency mouse strain described [12] . The DNA-dependent protein kinase (DNA-PK) is necessary for joining non-homologous ends of double-stranded DNA and this defect impairs the production of functional B and T cells, thus mice do not respond to either B or T cell mitogens. Nonetheless, functional T and B cells can be reconstituted after implantation of normal bone marrow. Some scid strains (C57BL/6J, Balb/c and CB-17) develop an immune reactivity and have low levels of one to three circulating levels of IgM, IgGs or IgA during aging that is know as scid leakiness. These mice serve as host recipient for transplants of human cells and organs and studies of human-mouse chimera interactions known as SCID-hu chimeras [13, 14] . RAG Strains. These mice are deleted in either rag1 [15] or rag2 [16] recombination activating genes which are DNA recombinases involved in recognizing and cleaving signal specific sequences for somatic rearrangement of immunoglobulin (B cells) and T cell receptors. All known catalytic activities require the presence of both proteins. The RAG-2 knockout mouse model carries a germline mutation in which a large portion of the rag-2 gene-coding region is deleted. Deletion of the RAG-2 gene blocks B and T cell differentiation earlier and more completely than does the natural SCID defect [16] . Rag-deleted mice do no show the leakiness or radiosensitivity as observed in scid mice. Thus, loss of function of rag-1, rag-2 or Prkdc gene is sufficient to produce a mouse lacking both T and B cells. The main applications of RAG-2 mice are in the investigation of lymphocyte gene function in differentiation, AIDS and other immune deficiency diseases, the immune system's role in tumorigenesis and metastasis, and autoimmune and infectious diseases. RAG-2 is also used in chemotherapy studies and it is a possible alternative to both athymic (nude) and SCID mice [1, 7, 16] .
NOD/Scid Hybrid Strains.
A better engraftment of human cells was achieved after the transfer of the Scid mutation onto the nonobese diabetic (NOD) mouse strains [14, 17] . Importantly, the NOD/scid mouse does not develop diabetes. They have decreased natural killer (NK) cell activity and decreased innate immunity and can accept 10-fold more human hematopoietic cells [14, 17] . NOD/scid mice implanted with human fetal thymic and liver organoids (BTL mouse) results in long-term, systemic human T-cell homeostasis [18] . These animals show extensive infiltration of organs and tissues with human cells, including liver, lung, and gastrointestinal tract. Thus BLT mice are adequately reconstituted with HIV-susceptible human CD4+ T cells and have been used for testing antiretroviral prophylaxis of vaginal HIV infection [19] .
IL2rg
-/-Strains. These mice are homozygous for targeted mutations at the interleukin-2 receptor (IL-2R) locus IL2rg, also known as the common cytokine-receptor -chain [20] . The IL-2R -chain is a crucial component of the high-affinity receptors for IL-2, IL-4, IL-7, IL-9, IL-15 and IL-21, and it is required for signaling through these receptors. The absence of the IL-2R -chain leads to severe impairments in T-and B-cell development and function, and completely prevents NK-cell development. The component deficiency in mice is less severe than the Xlinked combined immunodeficiency disease (SCIDX1), which is lethal to humans [20] . The creation of IL2rg -/-mouse strain has allowed the development of many alymphoid mice strains that are much less efficient in human cells and tissue rejection [1, 7] . 
NOD-scid

T and B Cell Deficient Transgenic Mice.
There are several knockout mice models available for researches that do not generate mature T or B lymphocytes. These models include mice with doubly targeted mutations in rag-1 or rag-2 [15, 16] , and 2 microglobulin (B2m) [23] , or perforin (Prf1) genes [24] and hybrids mice crossed with NOD/scid strain [25] . Rag-1 and Rag-2 mutations prevent development of mature lymphocytes, and the B2m and Prf1 mutations prevent development and functional activity of mouse NK cells, respectively. The 2m model is characterized by a deficiency in the expression of functional major histocompatability complex (MHC) class I molecules on the cell surface. The lack of MHC class I molecules disrupts the development of cytotoxic T cells and reduces NK cell function, whereas the H2-Ab1 model contains a disruption of the H2-Ab1 gene and expresses no A or E MHC class II molecules and therefore lacks most CD4+ T cells [25] . Human hematopoietic stem cell engraftment in the NOD/SCID/ 2m null and NOD/Rag1 null mice results in multiple myeloid lineages with moderate levels of differentiation. NOD/SCID mice reconstituted with human HSCs are proving useful for the study of EBV infection and tumor promotion, as these mice develop lymphoproliferative tumors, such as large B cell lymphomas, within a few weeks of infection with EBV [26] .
HLA Humanized Transgenic Mice. Humanized HLAtransgenic mice are particularly useful in modeling human autoimmune diseases that are associated with specific human lymphocytes antigens of class I and II [27] . HLA-transgenic mouse models have been established for rheumatoid arthritis, relapsing polychondritis, experimental autoimmune encephalomyelitis, celiac disease, and Type 1 diabetes [27] . For example, HLA-DQ8 transgenic mice have rheumatoid factor, an antibody typically expressed only in rheumatoid arthritis patients, whereas this marker is absent in other animal models of this disease. Moreover, HLA-DQ8 mice display pathologies similar to those observed in nonhuman primates, including severe hypothermia and a massive surge of pro-inflammatory responses in the lungs, spleen, and serum. HLA-transgenic mice have also been used to identify epitopes of infection with staphylococcal enterotoxins [28] .
A number of practical limitations still prevent the current models from serving as fully faithful host of human immune system [29, 30] . It is expecting that the engraftment of human endothelium and the injection of growth factors and chemokines will improve these models by promoting the appropriate trafficking and expansion of human cells and modeling of T-cell response via the expressed HLA-antigen [30] . These improvements may allow the studies of lymphocyte-mediated vascular tissue remodeling, dysfunction, and destruction as well as responses to therapies and vaccines [1, 30] .
NEW GENOMIC AND BIOINFORMATIC APPROACHES FOR MOUSE MODELING OF IMMUNE DISORDERS
Inbred mouse strains have provided uniform genetic background for accurate evaluation of specific genes phenotypes, thus eliminating the phenotypic variations caused by mixed genetic backgrounds. Over 450 inbred strains of mice have been developed with different genotypes and phenotypes based on genetic and immunological studies [31] . A large public effort to determine the complete sequences of over 15 inbred mouse strains is presently underway at Center for Rodent Genetics [htp://www.niehs.nih.gov/crg/cprc.htm, http://www.jax.org]. The most recent genomic sequences available are from mouse strains C57BL/6J, 129X1/SvJ, 129S1/SvImJ, A/J and DBA/2J [32, 33] . Because of interesting phenotype differences, the comparisons in these mice strain databases will provide a more powerful and efficient manner to identify polymorphic linkage maps to genes and regulatory regions of important Mendelian and non-Mendelian disorders.
The analysis of finished genome sequence of mouse has proved essential to understanding the full range of biology for both the mouse and human [33] . A mouse contains 20, 210 protein-coding genes, which is over a thousand than that predicted in the human genome, which is estimated in 19, 042 genes. Only 75% of mouse genes are in 1:1 orthologous relationships with human genes [33] . Despite huge differences between mouse and in human immunology, the mouse model provides ideal experimental system with which to dissect the genetic and biological complexities of the human disease-related phenotypes [34] [35] [36] . Experimental quantitative trait locus (QTL) analyses by multiple crosses and the chances of recombination of mouse inbred strains have provided a powerful method to localize chromosomal region harboring allelic variations that contribute significantly to disease severity in both mouse and humans [37] . Over 2, 000 QTL are listed in the Mouse Genome Informatics database [http://www.informatics.jax. org/menus], and many of these are relevant to human disease [38] . The primary aim of a QTL experiment is the identification of common DNA loci casually associated with a trait and likely the gene that may serve as key driver of disease or as the controller of genetic loci [36, 37] . The method consists of crossing two strains and the effects of recombination in the following generations to the linkage (degree of co-variation) of polymorphic molecular markers and phenotypic trait measurements [htp://www.animalge nome.org/QTLdb]. Because most inbred mouse strains have a common ancestral heritage, the susceptibility alleles found in a QTL are primarily derived from the same ancestral allele of the causal gene, whereas the resistance might present in the alternative ancestral allele [31, 36, 37] .
A QTL found in one species is likely to be found in a second species in the homologous genomic location. Mouse/human homology maps showed very highly conserved regions [32, 33] . Experimental evidence from mouse and rat QTLs identified that 60-100% QTLs are concordant as diseases genes affecting human populations with hypertension, diabetes, asthma, inflammatory bowel disease and other disorders [2, [38] [39] [40] [41] Crohn's disease and psoriasis are most common disease genes found in humans and rodent models [2, [38] [39] [40] [41] . Overall, these investigations not only provide new insight into immune-linked disorders, but also highlight the importance of the genetic background in the predisposition to various illnesses.
New high-throughput technologies and the cumulative databases of the genome-wide SNP and copy number variations (CNVs) genotypes are now being used to reconstruct a reliable map of haplotype structures in human populations [http://www.ncbi.nlm.nih.gov/projects/SNP, http:// www.genome.gov/gwastudies/] as well as the inbred mouse strains [http://bioinfo.embl.it/SnpApplet/; http://www.hap map.org]. These databanks will dramatic increase the possibility to track polymorphisms and mutations linked to known QTLs. The mouse SNP miner database contains SNPs predicted to cause missense, STOP-gain, STOP-lost, frameshift, and splice-site mutations [42] . The use of several integrative bioinformatics tools, such as PolyPhen, PANTHER and eQTL [http://www.genetet-work.org] for in silico analysis of sequence databases is a powerful strategy that can be used in concert with experimental methods to narrowing QTL [43] . For example, Cervino and collaborators [43] developed a new in silico gene mapping strategy called QTG (quantitative trait gene) based in IBD (identical by descent) database from common ancestral mouse strain and new released 140, 000 SNP maps of 48 mouse strains [http://www.broad.mit.edu] to compare and refine a region underlying QTL conserved in rodents. This strategy enabled them to narrow down the entire mouse genome to 3 potential gene-candidates that most likely influence cholesterol levels and 2 potential gene-candidates for hepatic fibrosis in rodents [43] . Nonetheless, it is not possible to know if the polymorphism in a QTL affects biochemical structure, function or expression of the genecandidate without using a laboratory animal model. This will greatly facilitate their utilization in homologous recombination-based intend to inactivating of the region of genomic DNA corresponding to QTL or candidate gene of a disease in knockout mice [44] . Furthermore, the Knockout Mouse Project [KOMP, http://www.komp.org] will generate a comprehensive and public resource containing the mouse embryonic stem (ES) cells with null mutation for the every gene in the mouse genome [44] . The identification of dispensable and indispensable genes (estimated in 15% of genes) is the first step in defining the scale of the question of gene networks and individual differences. The mouse The novel genetic and bioinformatic methods to identify differentially expressed genes such as DNA, SNP microarrays and eQTL have provided a crucial step towards genome-wide transcriptional responses in mice models and human subjects undergoing an immune response [45] . Using these approaches it is possible to identify genes that interact with one another via the construction of a biological interaction network from microarray data. A network pathway is initiated by the gene with the highest specificity connection to a biological process [45] . A network of 1, 556 genes and their nodes and interactions in response to in vivo endotoxin administration to blood leukocytes has been described [46] . As expected, this study highlighted the interconnection and temporal relationship between several secreted pro-inflammatory cytokines and chemokines and their membrane receptors and several members of NF-B transcription factors, which are well known players of innate immunity. In another report over 100 genes up-and downregulated were identified as critical modulators of allergic immune response to ovalbumin in a mouse model of asthma [47] . More recently, integrated computational methods for data mining and dynamic network analyses revealed the gene regulatory networks for the inflammatory response [48] . The results fit well with our current understanding that cooperative and interconnectivity of gene networks involving TLR family members (TLR2 and TLR4), TNFR and IL1R and NF-b transcription factor play critical roles in innate immune response. Table 2 shows a partial list of web-sites of organizations and institutions providing databank platforms and computational tools to access the human, mouse and rat whole genomes and examine virtually all genes and networks in cell types and tissues. It is also show a list of databases providing access to transgenic and immunedeficient mouse and their hybrids. Through the use and application of these diverse technology platforms, including expression microarrays, large-scale genome sequencing and functional genomics, it will be possible to design and construct specific mouse models and analyze their immune response in silico.
CONCLUSIONS AND PERSPECTIVES
The use of transgenic and immune-deficient mouse and their hybrids have served as important tool to study the immune system under normal and diseased conditions. The creation and utility of new immune-deficient mouse models will undoubtedly provide novel experimental approaches for understanding unrevealed mechanisms that appears to be centrally involved in the control of communication between the innate and acquired immune system and generation of distinct Treg cell lineages arising in tissue-specific autoimmunity, infections and cancer. Work in this field is just beginning, and genetically immune-deficient and HLAhumanized mouse models permitting the development of human lymphoid organs and tissue, should be particularly valuable tools for global genetic and immunological analysis of the functioning immune system as to the complexity in humans.
